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Description

Background of the invention

This invention relates to a shear beam load cell
and, more particularly, to a low-cost shear beam
load cell with reduced sensitivity to adverse load
conditions.

Strain gage devices have proven effective for
various industrial applications, such as for
measuring axial load forces on equipment shafts,
bending stresses on track rails for weighing rail-
way cars, and the like. For example, U.S. Patent
Nos. 3,151,306 and 3,937,075 disclose strain gage
devices adapted to measure axial load forces.

One particular type of strain gage device has
now received significant recognition for industrial
weighing applications. This device is commonly
referred to as a shear beam load cell because it
employs strain gages positioned to measure
shear in a beam-shaped cell and connected to an
appropriate electrical circuit for sensing the strain
caused by the stresses of shear imposed on the
beam, and thereby produce readings which are
proportional to a load to be measured applied
substantially perpendicular to the longitudinal
direction of the beam. The shear beam load cell
can measure both large and small loads, is
accurate and can be used in many different
industrial weighing environments. The shear
beam load cell is also low-profile, small in size,
and has low sensitivity to change in point-of-load
application and to adverse side forces. Examples
of shear-responsive strain gage weighing devices
are disclosed in U.S. Patent Nos. 3,554,025;
3,734,216 and 3,448,424.

Despite the numerous advantages of shear
beam load cells over other types of strain gage
load cells and weighing devices, there remain
problems with and disadvantages of the known
shear beam load cells, particularly costs due to
the components used in the load cell and the
assembly of same, and accuracy in measuring the
load applied to the shear beam load cell. Such
problems are inherent to the design of the con-
ventional shear beam load cell. For example, in
order to properly measure the shear strain caused
by the stresses in the beam of the conventional
load cell, it has been necessary to place strain
gages on opposite sides of the beam, each gage
oriented essentially at 45 degrees to the longi-
tudinal neutral axis of the beam. The positioning
of the strain gages on the opposite sides of the
load cell is critical to measurement accuracy
because the load cell typically receives adverse
twisting moments of torsion during the load
application, thereby effecting proper measure-
ment. Theoretically, if the strain gages are
precisely positioned on the opposite sides of
the shear beam and have exactly the same strain
sensitivity, the torsional effects are cancelled.
However, such precise perfect balancing is
difficult to obtain. Typically, prior efforts to
improve load measurement accuracy in the con-
ventional shear beam cell design have resulted in
higher costs. Reversely, prior efforts to lower the
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costs of a shear beam load cell have resulted in
reduced load measurement accuracy.

Examples of improved shear beam load cells
from the standpoint of accuracy are disclosed in
U.S. Patents Nos. 3,654,025; 3,960,228; 3,949,603;
4,282,748; and 4,237,727. One prior art shear
beam load cell is illustrated in Figs. 1A-—1C of the
drawings. This load cell has a cantilevered beam
suitably secured to a foundation or other mount-
ing means in such a manner that the free deflect-
able weigh end of the beam is suitably supported
for receiving a vertical load force to be measured.
In this particular load celi, as further disclosed in
U.S. Patent No. 3,960,228 issued to the same
inventor, Kjell H. Nordstrém, a recess is formed in
the cantilevered beam free end in the load-
measuring direction, with the force of the load
being applied to a load bearing surface within the
recess. The load bearing surface within the recess
is located in proximity to the longitudinal neutral
axis of the shear beam, thus minimizing the
moment arm and the twisting moment of an
adverse side force affecting the shear beam load
cell. Thus, this load cell design has reduced load
measurement inaccuracy that is due to imperfect
positioning of the strain gages on opposite sides
of the shear beam and which commonly occurs in
manufacturing such load cells.

For the prior art shear beam load cells, there is
also the known practice of forming identicaily-
dimensioned blind holes at diametrically-
opposed sides of the cantilevered beam for defin-
ing a symmetrical I-shaped cross-section with a
flat web located between the blind holes. The
straing gages, instead of being positioned on the
opposing outer surfaces of the beam, are posi-
tioned in each of these holes at the opposing side
walls of the flat web. Again, the gages are
oriented at a 45° angle to the longitudinal neutral
axis of the beam.

The symmetrical I-shaped beam cross-section
improves the functioning of the shear beam load
cell. Typically, with an I-beam, the shear strain is
highest and relatively uniform in the web area.
Therefore, the |I-beam configuration is useful for
the purpose of maximizing shear related stresses
at a location where bending related stresses are
relatively low. Shear strain measurement is thus
maximized with the load cell being less sensitive
to changes in the point of load application. Even
in this known shear beam load cell design, how-
ever, precise positioning of the strain gages must
be made in the diametrically-opposed holes of the
symmetrical |-beam cross-section in order that
they exactly cancel out the effects of twisting
moments or torsion from adverse side forces or
an off-centered load received by the load cell.

From the foregoing, it can be seen that the
conventional shear beam load cells are still
plagued by sensitivity to adverse torsion and
twisting moments due to off-centered loads and/
or adverse side forces, and still require costly
construction to contain or improve measurement
accuracy, due to the components and assembiy of
same. That is, two sets of composite strain gage
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devices still have to be used, be precisely posi-
tioned on each side of the shear beam, and be of
the same strain sensitivity to exactly cancel the
effect on the other side of the beam. As noted
previously, such precise, perfect positioning is
difficult to obtain as a practical matter in mass
production of these load cells. To the extent
precise positioning is being attempted, the costs
of manufacturing such shear beam load cells
increases tremendously. Even with good posi-
tioning of the two opposing strain gage devices,
other factors, such as temperature variations in
the shear beam, continue to adversely affect
proper cancellation.

A new type of shear beam load cell is desired
which maintains all of the advantages of a shear
beam load cell over other weighing devices, yet
which is lower in cost, simpler in construction and
more economical to assemble, and improves the
accuracy of the load measurement by minimizing
significantly the sensitivity to torque and off-
centered loads, temperature variations in the
shear beam, and the like, over the conventional
shear beam load cell.

Summary of the invention

Accordingly, it is a primary object of this inven-
tion to eliminate the above-described problems of
the conventional shear beam load cell, yet main-
tain all the required and advantageous features of
shear beam load cells and achieve further signifi-
cant goals, including simplicity in construction,
reduction in components from the shear beam
foad cell, simpler assembly of the shear beam
load cell, a lower cost shear beam load cell, and
improved accuracy of the weighing by signifi-
cantly reducing sensitivity to adverse torsional
forces.

A specific abject of this invention is to provide a
shear beam load cell which does not require use
of two separate strain gage sensing devices
located on diametrically opposed sides of the
shear beam to measure the shear strain corre-
sponding to the load, thereby resulting in a fewer
components, easier assembled, simpler and less
costly shear beam load cell.

It is another object of the present invention to
provide a shear beam load cell which does not
require two separate strain gage sensing devices
to be located on diametrically opposed sides of
the shear beam to cancel the effect of off-centered
loads and twisting moments, thereby resulting in
a more accurate shear beam load cell having less
sensitivity to same.

Yet another object of this invention is to provide
a shear beam load cell which is not affected by
temperature variations between opposing sides
of the shear beam on which two strain gage
sensing devices are positioned, thereby resulting
in a more accurate shear beam load cell having
less sensitivity to such temperature variations.

It is another object of this invention to provide a
shear beam load cell which can utilize many of the
standardized load cell components already in the
industry, yet provide a new type of shear beam
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load cell which is simpler, less costly and even
more accurate in weigh measurement.

Additional objects and advantages of the inven-
tion will be set forth in part in the description
which follows, and, in part, will be obvious from
the description, or may be learned by practice of
the invention. The objects and advantages of the
invention may be realized and obtained by means
of the instrumentalities and combinations particu-
larly pointed out in the appended claims.

To achieve the foregoing objects and in accord-
ance with the purpose of the invention, as
embodied and broadly described herein, the
shear beam load cell comprises: {1} a beam
member, most frequently a cantilevered beam
member, having—(a) a first deflectable weigh
portion for receiving a load force to be measured,
(b) a second relatively rigid support portion for
supporting the beam member, and (c) recesses
formed in opposing sides of the first weigh
portion for defining an unsymmetrical I-shaped
transverse cross-section, wherein the recesses
have dimensions such that the bottom wall sur-
face of one of the recesses is insensitive to
torsion; and (2) strain gage sensing means posi-
tioned in the recess on the bottom wall surface
insensitive to torsion for measuring the shear
strain corresponding to the load force received by
the first weigh portion. ,

The strain gage sensing means positioned in
the recess on the bottom wall surface insensitive
to torsion comprises four strain gages mounted at
45° and 135° angles symmetrically to or along the
longitudinal neutral axis of the first weigh portion,
each gage respectively connected to the four
different arms of a full Wheatstone bridge circuit
for electrically measuring the principal tensile and
compressive shear strains corresponding to the
load force. In all of the embodiments of the shear
beam load cell of this invention, only one strain
gage sensing means is required in the one recess
at the bottom surface insensitive to torsion for
proper and accurate measurement of the shear
strain corresponding to the load force.

In one embodiment of the shear beam load cell,
the recess with the bottom surface insensitive to
torsion has a depth longer than the other recess.
In yet another embodiment, the recess with the
bottom surface insensitive to torsion has a height
smaller than the other recess.

Brief description of the drawings

The accompanying drawings, which are incor-
porated in and constitute a part of the specifica-
tion, illustrate embodiments of the invention and,
together with the description, serve to explain the
principles of the invention.

Fig. 1A is a perspective view of a prior art shear
beam load cell,

Fig. 1B is a cross-sectional view of the load cell
shown in Fig. 1A, taken along the line 1B—1B;

Fig. 1C is a sectional view of the load cell shown
in Fig. 1A, taken along the line 1C—1C;

Fig. 2A is a cross-sectional view of the load cell
of Fig. 1A illustrating application of a pure load {F)
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centered in the load measuring direction, and a
diagram of the shear and bending stresses distri-
buted along the symmetrical I-shaped cross-sec-
tion of the beam associated with the pure load (F);

Fig. 2B is a partial side view of the load cell of
Fig. 1A, illustrating the principal planes of com-
pressive and tensile shear strain associated with a
pure load (F) and a diagram of the bending and
shear stresses distributed along the symmetrical
i-shaped cross-section of the beam associated
with the load (F);

Fig. 2C is a cross-sectional view of the load cell
of Fig. 1A, the bending defiection in the symmetri-
cal I-shaped cross-section of the beam which
occurs associated with a pure load (F);

Fig. 3A is a cross-sectional view of the load cell
of Fig. 1A, illustrating application of a load (F) off-
centered by a distance (I);

Fig. 3B is a partial enlarged view of the load cell
shown in Fig. 3A illustrating the additional com-
pressive and tensile strain from stresses in the
web of the symmetrical |-shaped cross-section
associated with torsion when the off-centred load
(F), is applied;

Fig. 3C is a cross-sectional view of the load cell
of Fig. 1A illustrating the bending deflection and
rotation in the symmetrical I-shaped cross-section
of the beam when the off-centered load force {F),
is applied;

Fig. 4A is a cross-sectional view of the load cell
of Fig. 1A illustrating application of a side force
(fs);

Fig. 4B is a partial enlarged view of the load cell
shown in Fig. 4A illustrating the additional bend-
ing stresses distributed along the flanges and
web of the symmetrical I-shaped cross-section
associated with the side force;

Fig. 4C is a cross-sectional view of the load cell
of Fig. 1A illustrating the bending deflection in the
symmetrical I-shaped cross-section when the side
force is applied;

Fig. BA is a cross-sectional view of the load cell
if Fig. 1A illustrating application of a twisting
moment {M;};

Fig. 5B is a partial enlarged view of the load cell
shown in Fig. 5A illustrating the additional shear
stresses distributed in the web of the symmetrical
l-shaped cross-section associated with the twist-
ing moment;

Fig. BC is a cross-sectional view of the load cell
of Fig. 1A illustrating the rotation of the symmetri-
cal l-shaped cross-section when the twisting
moment is applied;

Fig. 6A is a cross-sectional view of the load cell
of Fig. 1A illustrating the application of a centered
load (F) and an adverse side force {fs) and twisting
moment (M;) to the beam member of the load
cell;

Fig. 6B is a partial side view of the load cell
shown in Fig. 6A, illustrating the symmetrical
mounting and orientation of the strain gages and
the application of a load (F) and adverse side force
{fs), axial force (f,) and twisting moment (M;) to
the beam member of the load celi;

Fig. 7A is a schematic diagram of the strain
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gages of the load cell of Figs. 6A and 6B con-
nected together in the arms of a Wheatstone
bridge circuit, illustrating specifically the com-
pressive and tensile strains due to shear stresses
associated with the load {F) and measured by the
respective strain gages for producing a signal
corresponding to that load (F);

Fig. 7B is a schematic diagram of the strain
gages illustrating the compressive strain due to
stresses associated with the axial force (f,) and
measured by the respective strain gages;

Fig. 7C is a schematic diagram of the strain
gages illustrating the compressive and tensile
strains due to bending stresses associated with
the side force (fs) and measured by the respective
strain gages;

Fig. 7D is a schematic diagram of the strain
gages illustrating the compressive and tensile
strains due to shear stresses associated with the
twisting moment (My) and measured by the
respective strain gages;

Fig. 8A is a cross-sectional view of the load cell
of Fig. 1A, illustrating the application of a centred
load (F) and adverse side force (fs) and twisting
moment (My) to the beam member of the load
cell, but with the positioning of only one strain
gage device on one side of the web of the
symmetrical l-shaped cross-section for measur-
ing shear strain associated with the load (F);

Fig. 8B is a partial side view of the load cell
shown in Fig. 8A, illustrating the symmetrical
mounting and orientation of the strain gages
mounted in only one of the elongated blind holes
and the application of a load (F) and adverse side
force (fs), axial force (fs) and twisting moment
{My) to the beam member of the load cell;

Fig. 9A is a schematic diagram of the strain
gages of the load cell of Figs. 8A and 8B con-
nected together in the arms of a Wheatstone
bridge circuit, illustrating the compressive and
tensile strains due to shear stresses associated
with the load (F) and measured by the respective
strain gages for producing a signal corresponding
to that load (F);

Fig. 9B is a schematic diagram of the strain
gages illustrating the compressive strain due to
stresses associated with the axial force (fs) and
measured by the respective strain gages;

Fig. 9C isua schematic diagram of the strain
gages illustrating the compressive and tensile
strains due to bending stresses associated with
the side force {fg) and measured by the respective
strain gages;

Fig. 9D is a schematic diagram of the strain
gages illustrating the compressive and tensile
strains due to shear stresses associated with the
twisting moment {M;) and measured by the
respective strain gages;

Fig. 10A is a perspective view of a preferred
embodiment of the shear beam load cell in
accordance with the invention;

Fig. 10B is a cross-sectional view of the load cell
shown in Fig. 10A, taken along the line 10B—1B of
Fig. 10A;

Fig. 10C is a cross-sectional view of a second
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embodiment of the load cell shown in Fig. 104,
taken along the line 10B—10B of Fig. 10A;

Fig. 10D is a partial side view of the load cell
shown in Fig. 10A;

Fig. 11A is a schematic diagram of the strain
gages of the load cell of Figs. 10A and 10D
connected together in the arms of a Wheatstone
bridge circuit, illustrating specifically the com-
pressive and tensile strains due to shear stresses
associated with the load (F) and measured by the
respective strain gages for producing a signal
corresponding to that load (F);

Fig. 11B is a schematic diagram of the strain
gages illustrating the compressive strain due to
stresses associated with the axial forces (f5) and
measured by the respective strain gages but
cancelled by the circuit;

Fig. 11C is a schematic diagram of the strain
gages illustrating the absence of strain due to
bending stresses associated with the side force
(fs) measured by the respective strain gages;

Fig. 11D is a schematic diagram of the strain
gages illustrating the absence of compressive and
tensile strain due to shear stresses associated
with the twisting moment (M) measured by the
respective strain gages;

Fig. 12A is a cross-sectional view of an
unsymmetrical U-shaped channel member for
further explaining the principles of the invention,
illustrating specifically the location of the shear
center (S.C.) and centroid (C.) for the unsymmetri-
cal U-shaped channel cross-section, application
of a force (f) at a distance (e} from the shear center
along the plane containing the centroid, and the
bending deflection and rotation of the U-shaped
channel associated with the force (f) applied
thereto;

Fig. 12B is a cross-sectional view of an
unsymmetrical |-shaped beam member for fur-
ther explaining the principles of the invention,
illustrating specifically the location of the shear
center (S.C.) and centroid (C.) for the unsymmetri-
cal I-shaped beam cross-section, application of a
force {f} along the plane containing the shear
center, and the bending deflection of the |-beam
member associated with the force (f) applied
thereto;

Fig. 12C is a cross-sectional view of an
unsymmetrical I-shaped beam member illustrat-
ing application of a force (f) at a distance (e) from
the shear center along the plane containing the
centroid, and the bending deflection and rotation
of the I-beam member associated with the force
{f} applied thereto;

Fig. 13A is a partial side view of the load cell of
Fig. 10A illustrating different positioning and
orientation of the strain gages mounted in the
recess on the one bottom wall surface insensitive
to torsion;

Fig. 13B is a partial side view of the load ceil of
Fig. 10A illustrating yet another different position-
ing and orientation of the strain gages;

Fig. 13C is a partial side view of the load cell of
Fig. 10A illustrating yet another different position-
ing and orientation of the strain gages;
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Fig. 13D is a partial side view of the load cell of
Fig. 10A illustrating yet another different position-
ing and orientation of the strain gages;

Fig. 14A is a cross-sectional view of the load cell
of Fig. 104, illustrating the recess with the bottom
surface inensitive to torsion having a depth
longer than the other recess;

Fig. 14B is a cross-sectional view of the load cell
of Fig. 10A illustrating the recess with the bottom
surface insensitive to torsion having a height
shorter than the other recess;

Fig. 15A is a perspective view of another pre-
ferred embodiment of the shear beam load cell in
accordance with the invention, employing circular
blind recesses; and

Fig. 15B is a partial side view of the load cell
shown in Fig. 15A, illustrating the mounting of the
strain gages in the recess on the bottom wall
surface which is insensitive to torsion, the spuri-
ous stress concentrations affecting portions of the
web of the unsymmetrical I-shaped cross-section
resulting from proximity to the recesses of the
load (F) applied to the beam member of the load
cell and the non-uniformity of the |-shaped cross-
sections formed by the circular recesses along the
longitudinal length thereof.

Detailed description of the preferred
embodiments

Reference will now be made in detail to the
present preferred embodiments of the invention,
examples of which are illustrated in the accom-
panying drawings.

As noted above, the present invention achieves
a low-cost shear beam load cell by using a single
strain gage sensing device with yet a more
accurate measurement of the load force by reduc-
ing sensitivity to adverse torque forces and off-
centered loads.

The shear beam load cell generalily comprises a
beam member and strain gage sensing means. In
the embodiment of the load cell of Fig. 10A, the
beam member is a cantilevered beam member 42
having a first free and deflectable weigh section
44 for receiving at one end thereof the force of a
load to be measured, designated by the letter F
(Fig. 10D). The beam member 42 also has a
second section 46 for mounting beam member 42
to a foundation or other like securing surface,
such as by high strength bolts 48. Elongated blind
recesses 50 and 52 are formed in opposing sides
of the cantilevered weigh section 44, as illustrated
in Figs. 10A, 10B, 10C and 10D.

In accordance with the invention, the recesses
50 and 52 have dimensions for defining an
unsymmetrical I-shaped transverse cross-section
such that the bottom wall surface of one of the
recesses is made insensitive to torsion. The term
“pottom surface insensitive to torsion” is used
herein, including the claims, to mean that a strain
gage sensing means mounted on that bottom
surface of the recess will be insensitive to strain
measured by it that is caused by stresses asso-
ciated with torsional forces.

As embodied herein and seen in Figs. 10A, 10B,
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and 10D, the recesses 50 and 52 are formed along
the length of the weigh section 44 of beam
member 42 at a location between the mounting
section 46 and the point on the weight section 44
at which the load F is applied. The load measuring
direction generally extends substantially perpen-
dicular to the longitudinal axis 54 of the beam
weigh section 44. The unsymmetrical |-shaped
cross-section formed by the recesses 50 and 52
generally defines a flat web 56 vertically disposed
between the recesses and having side walls form-
ing bottom surfaces 58 and 60, respectively, of the
recesses 50 and 52. The flat web 56 is in a plane
substantially parallel to the longitudinal neutral
axis 54 of the weigh section 44 and substantially
parallel to the load F applied to the weigh section
44. A hole 62 is provided at the forward end of the
weigh section 44 in the load measuring direction
for receiving a load force therein.

In the first embodiment of the load cell of Fig.
10A, the unsymmetrical Il-shaped transverse
cross-section is configured, as best seen in Figs.
10B and 14A, such that the recess 52 is formed
with the bottom surface 60 insensitive to torsion
by having a depth a, longer than the depth a; of
the other recess 50. In a modification to the load
cell of Fig. 10A, the unsymmetrical {-shaped trans-
verse cross-section is configured, as best seen in
Figs. 10C and 14B, such that the recess 52 with the
bottom surface insensitive to torsion has a height
h, shorter than the height h, of the other recess
50, The specific manner in which the dimensions
of the recesses 50 and 52 are determined so that
the bottom wall surface 60 of recess 52 is
made insensitive to torsion is explained in detail
hereafter.-

In addition to the beam member having the
above-described features, the load cell of this
invention further comprises a strain gage sensing
means positioned in the recess on the bottom
wall surface insensitive to torsion for measuring
the shear strain corresponding to the load F. In all
of the embodiments for the load cell of this
invention, the strain gage sensing means com-
prises a composite strain gage device that need
be positioned in only the one recess on the
bottom wall surface which is insensitive to torsion
for properly and accurately measuring the shear
strains corresponding to the magnitude of the
load F applied to the load cell.

In the Fig. 10A embodiment of the load cell, and
as further illustrated in Figs. 10B, 10C, and 10D,
the strain gage sensing means comprises a single
composite strain gage device 64 mounted on the
bottom wall surface 60 of the recess 52. As best
seen in Fig. 10D, the strain gage device comprises
four strain gages 66, 68, 70, and 72 positioned on
surface 60 at 45° and 135° angles symmetricaily to
the longitudinal neutral axis 54 of the weigh
section 44. These gages are electrically connected
together in the four arms of a full Wheatstone
bridge circuit for measuring the principal shear
strains caused by the stresses associated with the
load F applied to the weigh section 44 of beam
member 42. The connection of the four strain
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gages In the Wheatstone bridge circuit is illus-
trated in Figs. 11A through 11D.

Figs. 11A—11D also indicate the compressive
and tensile strain measured by strain gages 66,
68, 70, and 72 in response to a load F (Fig. 11A), an
axial force f, {Fig. 11B), a side force fg (Fig. 11C),
and a twisting moment my (Fig. 11D). As will be
explained in greater detail hereafter, the single
strain gage device 64 provided in recess 52 on
bottom wall surface 60 which is made insensitive
to torsion requires no cancellation of those strains
due to the stresses associated with torsion, i.e.,
twisting moment M; or an off-centered load F, as
in the prior art shear beam load cell, because the
strain measured by the strain gages of device 64
is zero. This invention thus provides a new type of
shear beam load cell which is not only low in
manufacturing cost but one which also has signi-
ficantly reduced sensitivity to adverse torsion
conditions. To appreciate the significance of this
new type of shear beam load cell over the conven-
tional load cells, reference is again made to the
prior art load cell depicted in Figs. 1A—1C.

As noted in the “Background of the Invention”
section, the prior art shear beam load cell of Figs.
1A—1C employs a beam member 20 having a
cantilevered beam end 21 and a mounting end 22.
Identically dimensioned recesses 23 and 24 are
provided on diametrically opposite sides of canti-
levered beam end 21 for forming a symmetrical |-
shaped cross-section, as best seen in Fig. 1B,
between the securing end 22 and a load receiving
hole 25 in which the force of a load F is applied. In
the recesses 23 and 24, there are respectively
mounted two composite strain gage devices 26
and 27. The devices 26 and 27 also respectively
comprise at least two strain gages 28, 29 and 30,
31 oriented at 45° and 135° angles symmetrically
to the longitudinal neutral axis 32 of the canti-
levered beam member 20, as illustrated in Figs.
1C and 6B. The pairs of strain gages 28, 29, and
30, 31, on the opposing sides of the symmetrical |-
shaped beam cross-section are then electrically
connected together in the four arms of a full
Wheatstone bridge circuit as illustrated in Figs.
7A—70 for measuring the principal shear strains
due to the stresses associated with the load F
applied to the weigh end 21. Figs. 7A—7D also
indicate the compressive and tensile strains
measured by the strain gages 28, 29, 30, and 31
caused by stresses associated with to a force F
(Fig. 7A), an axial force f, (Fig. 7B), a side force fg
{Fig. 7C), and a twisting moment M; (Fig. 7D).

As noted previously, the |-shaped beam con-
figuration for a shear beam load cell is useful for
the purpose of maximizing shear stresses at a
location where the bending stresses are relatively
low. Fig. 2A shows the shear stresses (s.s) and
bending stresses (b.s.) distributed along the sym-
metrical {-beam cross-section, wherein the shear
stresses are highest in the web section of the I-
beam cross-section and the bending stresses are
theoretically zero at the longitudinal neutral axis
along the web of the |-beam cross-section where
the strain gages are mounted. The principal
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planes of the compressive and tensile shear strain
due to stresses associated with the load F follow a
45° angle orientation with respect to the longi-
tudinal axis of the cantilevered beam member, as
illustrated in Fig. 2B. With a pure load F applied to
a symmetrical I-beam cross-section, a deflection
of the cantilevered beam member results as
depicted in Fig. 2C.

In practice, however, the stresses on a shear
beam load cell are not limited to those of pure
load which is to be measured. There is most
generally stresses caused by torsion and adverse
forces, such as from an off-centered load F,
illustrated in Fig. 3A, a side force f; illustrated in
Fig. 4A, and/or a twisting moment M; illustrated
in Fig. 5A. The additional compressive and tensile
strain due to stresses along the symmetrical I-
shaped cross-section associated with such
adverse forces and torsion on the |-beam cross-
section are respectively shown in Figs. 3B, 4B,
and 5B. For example, there are additional shear
stresses superimposed on the stresses associated
with a pure load F when an off-centered load F, is
applied to a symmetrical I-beam cross-section as
illustrated in Fig. 3B. There is also additional
compressive and tensile strain due to bending
stresses distributed along the flanges and web of
the symmetrical I-shaped cross-section when a
side force fg is applied to a symmetrical I-beam
cross-section as shown in Fig. 4B. As with an off-
centered load F, there are also the additional
shear stresses distributed in the web of a sym-
metrical [-shaped cross-section which are asso-
ciated with a twisting moment My as shown in
Fig. 5B and which are superimposed on the
stresses associated with a pure load F.

The deflections associated with F,, f; and M,
when they are applied to the symmetrical I-beam
cross-section are respectively shown in Figs. 3C,
4C, and 5C. In the symmetrical |-beam cross-
section, the neutral axis of torsion and centroidal
axis both coincide with the center line 33 passing
through the middle of the web 34 of the sym-
metrical I-beam cross-section as depicted in Figs.
3C, 4C, and 5C. With an off-centered load F,
applied to the symmetrical I-beam cross-section,
there is both a downward deflection and a rota-
tion shown in phantom lines in Fig. 3C. With a
side force fs applied to the symmetrical I-beam
cross-section, there is a sideward deflection
shown in phantom lines in Fig. 4C. With a twisting
moment My applied to the symmetrical [-beam
cross-section, there is a rotation about the cen-
troid shown in phantom lines in Fig. 5C.

In order to accurately measure only the princi-
pal shear strains corresponding to the magnitude
of the load F, it is necessary to eliminate any
signal output from the Wheatstone circuit corre-
sponding to the adverse stresses associated with
the off-centered load force F,, side force fg, or
twisting moment My. As noted earlier, the I-beam
cross-section was significant to reduce sensitivity
to adverse side forces because the strain gages
27—31 are mounted on opposite sides of the web
34 close to the neutral plane of the beam in the
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center of the web of the symmetrical I-beam
cross-section as seen in Figs. 3A, 4A, and 5A.
While proximity of the strain gages to the neutral
plane of the symmetrical I-beam cross-section
reduces sensitivity to such adverse side forces, it
is still necessary to cancel the effect of the
stresses due to torsion and twisting moments to
provide accurate measurement of the load force
itself. Thus, it has been necessary to precisely
position the strain gages 28—31 on the opposite
sides of the flat web and then connect them from
both sides together in a full Wheatstone bridge
circuit to cancel signal output of the strain caused
by such spurious stresses, as will now be
described by further reference to Figs. 6A and 6B
and Figs. 7A—7D.

Figs. 6A and 6B illustrate the load cell having a
symmetrical I-beam cross section and strain gage
devices 26 and 27 in the identically-dimensioned
recesses 23 and 24 on opposite sides of the web
with a pure load F, an axial force f,, a side force fg,
and a twisting moment M; applied to the beam
member 20. Fig. 6B shows the positioning of the
strain gages 28—31 with strain gages 28 and 29
shown on one side of the web in recess 23 at 45°
and 135° angles to the longitudinal neutral axis of
the cantilevered end 21 and the comparable
component of strain gages 30 and 31 in the
opposite recess 24 formed at 45° and 135° angles
to the longitudinal neutral axis of the cantilevered
end 21. In sum, the two pairs of strain gages 28,
29, and 30, 31, respectively, are mounted in the
recesses symmetrically relative to each other on
opposite sides of the beam in such a way that the
two strain gages in each pair 28, 29, and 30, 31,
respectively, are affected by the deformations of
the beam material in two mutually perpendicular
directions forming an angle at 45° to the longi-
tudinal axis of the beam. In this way, the two
strain gages 28 and 31 are affected by compres-
sion or negative tension, whereas the two other
strain gages 29 and 30 are affected by tension in
the beam material.

The strain gages 28—31 must then be electric-
ally connected together in the four branches of
the Wheatstone bridge circuit as shown in Figs.
7A—7D. The bridge has one diagonal connected
to a voltage source and its other diagonal con-
nected to a voltage measuring instrument 35. The
two gages 29 and 30 affected by tension (+) are
connected in two opposite branches of the bridge,
whereas the two gages 28 and 31 affected by
compression or negative tension (—) are con-
nected in the other opposite branches of the
bridge. In the Wheatstone bridge circuit, if R
equals the resistance of the strain gages 28, 29,
30, and 31, which resistances R are conventionally
made equal, Ar represents the increase in
resistance in the respective strain gages asso-
ciated with a stress measurement, then the
following formula applies:



13 EP 0101 425 B1 14

(RzaiArzs) X (R31 '|_'AI'31 )=
{RogEArsg) X (RagEArsp);
and, when
Rzg=Rz9=R30=Rs1,
then
(iArza) X (iAr:“ )= (iArzg) X (i'Arao).

Under the influence of the shear strains asso-
ciated with a load F illustrated in Figs. 6A and 6B,
the resistance of the two strain gages 29 and 30
increases, whereas the resistance of the two other
strain gages 28 and 31 decreases, as shown in Fig.
7A. The imbalance of the bridge measured by the
voltage measuring instrument 35 will result in a
positive signal output corresponding to the mag-
nitude of the load F. The compressive strain
measured by the four strain gages when an axial
force f, is applied to the load cell is illustrated in
Fig. 7B. It can be seen that the compressive strain
are cancelled by the circuit. In like manner, the
compressive and tensile strain associated with a
side force fg, illustrated in Fig. 7C, are also
cancelied by the circuit. Finally, the compressive
and tensile shear strain associated with a twisting
moment My, illustrated in Fig. 7D, are likewise
cancelled by the circuit.

It can thus be seen that the shear strains
associated with a load F can be measured but
only with the pair of strain gage devices 26 and 27
having the same strain sensitivity and precisely
and symmetrically arranged on opposite sides of
the web of the symmetrical |-shaped cross-sec-
tion to exactly cancel the effects of the strain due
to adverse stresses. Such exact positioning of the
strain gages 28—31 symmetrically in both
recesses 23 and 24 on the opposite sides of the
web 34 is difficult to obtain as a practical matter in
mass producing such load cells. If a precise
mounting of the strain gages 28—31 is provided,
then there are generally high costs in manufactur-
ing the load cells. Even with good positioning of
the strain gages, temperature variations on oppo-
site sides of the web and in the load cell continue
to adversely affect proper cancellation. Accord-
ingly, while there can theoretically be canceliation
of strain due to adverse stresses resulting from a
twisting moment M;, an axial force f,, and a side
force fg, sensitivity to such moment and adverse
forces remains. Moreover, significant costs
remain in producing these prior art load cells by
having to provide the mechanical mounting and
waterproofing of strain gages 28—31 in both
recesses 23 and 24 and by having to electrically
connect these strain gages 28—31 from both
sides together to form the full Wheatstone bridge
circuit.

In an effort to reduce the cost of producing such
shear beam load cells, experiments were con-
ducted on a shear beam load cell having a
structure as best seen in Figs. 8A and 8B by
mounting only a single strain gage device 36
comprising four strain gages 37, 38, 39, 40 in one
of the two identically-dimensioned recesses 23
and 24 forming a symmetrical I-beam cross-
section, with those four strain gages 37—-40 then
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being electrically connected together in a fuil
Wheatstone bridge circuit (Figs. 9A—9D). In this
experiment, the two gages 37 and 40, affected by
tension (+), were connected in opposite branches
of the Wheatstone bridge circuit, whereas the two
gages 38 and 39 affected by compression or
negative tension (—) were connected in the other
opposite branches of the bridge.

With application of a load F, an axial force fa, a
side force fs, and a twisting moment My, the
following outputs were provided by the gages in
the Wheatstone bridge circuit as shown respec-
tively in Figs. 9A—8D. Under the influence of the
shear strains in the web of the beam caused by
the load F, the resistance of the two strain gages
37 and 40 increases, whereas the resistance of the
two other strain gages 38 and 39 decreases; and
the imbalance of the bridge measured by the
voltage meter instrument 35 constitutes a signal
output corresponding to the magnitude of load
application force F. This is shown in Fig. 9A. The
compressive strain measured by the gages
37—40 when an axial force f5 is applied to the
load cell is depicted in Fig. 9B. It can be seen that
the compressive strain is cancelled by the circuit.
Similarly, as shown in Fig. 9C, the compressive
strain caused by stresses associated with a side
force fs are cancelled by the Wheatstone bridge
circuit. However, as shown in Fig. 9D, the com-
pressive and tensile strain due to shear stresses
associated with a twisting moment My, or torsion,
are not cancelled by the Wheatstone bridge circuit
and instead a signal output is produced.

Accordingly, this shear beam load cell con-
figuration of Figs. 8A and 8B has a high sensitivity
to strain associated with torsion or a twisting
moment M; which affects the accurate
measurement of the load F applied to the shear
beam load cell. During the experimentation, for
example, in a 10,000 1b. cell the average longi-
tudinal moment sensitivity was maintained at an
acceptable .03 percent per 1/8th inch, but the
average transverse moment sensitivity was .8
percent per 1/8th inch transverse point-of-load
movement, an undesirably high sensitivity.

In view of the foregoing, it was considered
initially that in order to provide a low cost shear
beam load cell using only a single strain gage,
sensitivity to side loads, particularly stresses from
torsion or a twisting moment M;, had to be
sacrificed. However, in accordance with the
invention and as described earlier, a lower cost
shear beam load cell has been achieved, yet with
even less sensitivity to torsion and adverse side
forces than the prior art shear beam load cell. In
the embodiment of the load cell of Fig. 10A as
previously described, the recesses 50 and 52
formed in the cantilevered weigh section 42 had
dimensions for defining an unsymmetrical I-
shaped transverse cross-section such that the
bottom wall surface 60 of recess 52 was made
insensitive to torsion. Then, a single composite
strain gage device 64 is mounted on the bottom
wall surface 60 of the recess 52, as best seen in
Figs. 10B and 10C. The four strain gages 66, 68,
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70, and 72 of device 64 are electrically connected
together in the four arms of a full Wheatstone
bridge circuit, as best seen in Figs. 11A—11D.

With the dimensions of the recesses 50 and 52
made to form an unsymmetrical I-shaped trans-
verse cross-section such that the bottom wall
surface 60 of recess 52 became insensitive to
torsion, a single strain gage sensing device 64
positioned on surface 60 could accurately
measure the shear strain corresponding to the
load F applied to the cantilevered beam member
42 without significant sensitivity to strain asso-
ciated with a twisting moment and an adverse
side force. Unlike a symmetrical I-beam cross-
section, however, the neutral axis of torsion and
centroidal axis do not coincide with the center line
running through the web of an unsymmetrical I-
beam cross-section. Thus, it is necessary to deter-
mine the location of the neutral axis of torsion
and make it coincide with the bottom wall surface
of one of the recesses. Otherwise, sensitivity to
torsion would remain high. In order to make the
bottom wall surface of one of the recesses insen-
sitive to torsion, a formula was used to theoreti-
cally place the centroid of an unsymmetrical |-
beam cross-section in a plane substantially coin-
ciding to the bottom wall surface 60 of recess 52.
Further explanation of stresses, bending, deflec-
tions and rotations in unsymmetrical and sym-
metrical beams is set forth in the publication
Strength of Materials, by S. Timoshenko, Krieger
Publishing Company New York 1976.

To further illustrate the principles of this inven-
tion, reference is made to Figs. 12A, 12B, and 12C.
In Fig. 12A, a U-shaped unsymmetrical channel is
depicted with the centroid (C.) for the channel
cross-section located at a point between the U-
shaped channel and the shear center (S.C.)
located at a point to the left of the U-shaped
channel. The shear center is the point through
which the plane of loading must pass to get
simple bending without torsion. If a force (f) is
applied at a distance (e) away from the shear
center along the plane containing the centroid,
there is both a component of bending deflection
as well as rotation of the U-shaped channel.

In Figs. 12B and 12C, an unsymmetrical I-
shaped cross-section is depicted where the cen-
troid is located along a plane substantially coin-
ciding to the one surface of the web of the I-
shaped cross-section, the shear center being
located leftwardly of the centroid. If a force (f) is
applied along the plane containing the shear
center, there is simple bending deflection as
shown in Fig. 12B. If a force (f} is applied at a
distance {e) away from the shear center along the
plane containing the centroid, there is both a
component of bending deflection as well as rota-
tion of the unsymmetrical I-beam cross-section,
as illustrated in Fig. 12C.

Since the shear center and the centroid of an
unsymmetrical beam cross-section do not fall in
the same plane, there is inevitably going to be
both a bending deflection as well as a rotation
during application of a load F on a load cell using
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an unsymmetrical |-shaped cross-section. For
purposes of strength of the shear beam load cell,
it is better to maintain the shear center close to
the centroid to reduce excessive torsion.
Nevertheless, if the plane containing the centroid
of the unsymmetrical I-shaped cross-section sub-
stantially coincides with the bottom surface 60 of
recess 52, then a load F applied to the shear base
load cell should be effectively measured and the
strain gage device 64 mounted on surface 60
should not be affected by significant sensitivity to
strain caused by adverse stresses associated with
torsion.

Thus, using the dimensions of the web, flanges,
and the recesses as shown in Figs. 14A and 148,
for the embodiment of the load cell of Fig. 10A,
location of the centroid of the unsymmetrical I-
shaped cross-section on the bottom wall surface
of one of the recesses was determined using the
following formula:

(a1+b)2 b2
(H=h,) - ——— +h, - —=
2 2
a,?
(H—hz) c =
2
or
bz
t1 . (a1+b)2+h1 . —'=t2 . 322,
2
wherein

H=the height of the weigh section 44 of beam
member 42 at the unsymmetrical |-shaped trans-
verse cross-section;

A=the width of the weigh section 44 of beam
member 42 at the unsymmetrical I-shaped trans-
verse cross-section.

h,=the height of recess 50 having the bottom
wall surface 58 that is not to coincide to the plane
containing the centroid;

h,=the height of recess 52 having bottom wall
surface 60 that is to coincide to the plane contain-
ing the centroid;

a,=the depth of recess 50;

a,=the depth of recess 52;

b=the thickness of web 56 defined at the
unsymmetrical |-shaped cross section;

t,=the thickness of flanges 74 between the
recess 50 and the outer surface of the weigh
section 44 of the beam member; and

t,=the thickness of the flanges 76 between the
recess 52 and the outer surface of the weigh
section 44 of the beam member.

Using the above formulas, three specific
examples are now set forth for locating the plane
containing the centroid for the unsymmetrical I-
beam cross-section along the bottom wall surface
60 of recess 52:

Example No. 1:
If bottom wall surface 60 is to be equidistant
from the side edges of the I-beam cross-section,
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and a,=a;+b or 1/2A, and
t,—t,=1/2(h,—hy),

the following ratio exists:
ha/hy=1-2x(b/A)2

in a first application, if b/A=0.1, then h,/
h;=0.98. The distance (e) from the shear center
{S.C.) to the centroid (C.)=.632Xb.

In a second application, if b/A=0.2, then h,/
hy=0.92. The distance {e) from the shear center
(S.C.) to the centroid (C.)=.3631xb.

It can be seen from Example 1 that by varying
the ratio in the heights of the two recesses 50 and
52 in the above-noted manner, and as depicted in
Fig. 14B, the plane containing the centroid of the
unsymmetrical l-beam cross-section can sub-
stantially coincide to the bottom wall surface 60 of
recess 52.

Example No. 2:

If, instead of Example 1, the thicknesses t, and
t, of the flanges 74 and 76 are made equal, as
depicted in Fig. 14A, then t,=t,=t and hy=hy=h;
and a,=A/2+c and

(a;—b)=A/2—c.

Accordingly, the following ratio exists between
the distance ¢ and the web thickness b:

c/b=1/4xb/A{H/—-2).

In a first application, if b/A=0.1 and t/H=0.1,
then the dimensional proportion ¢/b=0.2. The
distance (e) from the shear center (S.C.) to the
centroid (C.)=.623%xb.

In a second application, if the dimensional
proportion b/A=0.2 and ¥H=0.1, then ¢/b=0.4.
The distance {e) from the shear center {S.C.) to the
centroil (C.)=.742xb.

From the foregoing, it can thus be seen that the
depth a, of the recess 52 would be greater than
the depth a, of recess 50 and increased in the
manner described above in order for the plane
- containing the centroid of the unsymmetrical |-
beam section to coincide to the bottom surface 60
of the recess 52.

Example No. 3:

If instead of Example 1 and 2, the depths a, and
a, of recesses 50 and 52 were made equal, i.e.
a;=a,, then c=—b/2 and A=2a+Db, and the follow-
ing height proportion exists:

hy/H=hz/Hxal(a+2b)+A/axb/(a+2b).

In a first application, if b/A=0.1, a/A=0.45, and
h,/H=0.8, then h,/H=0.90. The distance (e} from
the shear center (S.C.) to the centroid
(C.)=1.414xb.

In a second application, if b/A=0.2, a/A=0.4,
and h,/H is 0.6, then h,/H=0.93. The distance (e)
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from the shear center (S.C.) to the centroid
(C.)=1.477xb.

It can be seen from Example 3 that the distance
(e} from the shear center (S.C.) to the centroid {C.)
located on the bottom wall surface 60 of the
recess 52 is significantly greater than in Examples
1 and 2. Thus, the dimensional proportions set
forth in Example 3 are not as practical as those set
forth in Examples 1 and 2 because of increased
stresses due to greater torsion when applying the
load F.

From the foregoing examples, which are not
intended to limit the scope of this invention, it can
be seen that the recesses 50 and 52 can have
predetermined dimensions such that the bottom
wall surface 60 in recess 52 of the shear beam
load cell coincides substantially to the plane
containing the centroids along the longitudinal
direction of the unsymmetrical I-beam cross-
section. Thus, recess surface 60 should be insen-
sitive to torsion and side forces because of the
neutral axis of torsion and the principal plane of
bending falling within the plane containing the
centroids. In one embodiment, the recess 52 has a
depth longer than the depth of recess 50. In
another embodiment, the recess 52 has a height
shorter than the height of recess 50. A single
composite strain gage device 64, comprising
strain gages 66, 68, 70, and 72 is mounted on wall
surface 60, as shown in Fig. 10D and described
earlier, with the gages then connected together in
the arms of a full Wheatstone bridge circuit. The
two gages 66 and 72, affected by tension (+), are
connected in opposite branches of the bridge,
whereas the gages 68 and 70, affected by com-
pression or negative tension (—), are connected in
the other opposite branches of the bridge.

With application of a load F, an axial force f,, a
side force f;, and a twisting moment M;, the
following outputs were provided by the gages in
the Wheatstone bridge circuit as shown respec-
tively in Figs. 11A—11D.

Under the influence of the shear strains in the
web of the beam caused by a load F, the
resistance of the two strain gages 66 and 72
increases, whereas the resistance of the two other
strain gages 68 and 70 decreases. The imbalance
of the bridge measured by a voltage
measurement instrument 78 constitutes a signal
output corresponding to the magnitude of the
load F. This is shown in Fig. 11A.

The compressive strain measured by the gages
66, 68, 70, and 72 when an axial force f, is applied
to the load cell is depicted in Fig. 11B. It can be
seen that the compressive strain is cancelled by
the circuit.

The compressive and tensile strain due to
stresses associated with a side force fg and
twisting moment M; that are registered by the
strain gages 66, 68, 70, and 72 are illustrated
respectively in Figs. 11C and 11D. Unlike the prior
art shear beam load cell, which registers com-
pression and tension strain associated with a side
force fg and a twisting moment M; (see Figs. 7C
and 7D), there is no registry of similar strain
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associated with a side force fs or twisting My by
the strain gages mounted in the one recess in the
shear beam load cell of this invention. As noted
earlier, the compressive and tensile strain asso-
ciated with twisting moments and side forces
registered by the gages in the prior art shear
beam load cell had to be cancelled by precise
mounting of the strain gages on the opposite
sides of the symmetrical |-beam cross section.
Temperature variations also affected cancellation.
Because the bottom wall surface 60 of recess 52 in
the load cell of this invention substantially
coincides to a plane containing the neutral axis of
torsion, sensitivity of the single composite strain
gage device 64 mounted on wall surface 60 to
strain associated with a twisting moment M; has
been eliminated.

The shear beam load cell, in accordance with
the invention, thus more accurately measures the
shear strain associated with the load F to be
measured. In experiments conducted with a
10,000 Ib. shear beam load celi having recesses
foerming an offset web section, or an unsymmetri-
cal I-beam cross-section, the transverse moment
sensitivity was less than 0.01 percent per 1/8th
inch in transverse point-of-load movement when
an off-centered load was applied. This is in con-
trast to transverse moment sensitivity typically
between 0.02 and 0.03 percent per 1/8th inch
transverse point-of-load movement in a conven-
tional shear beam load cell (assuming accurate
positioning of the pairs of strain gage sensing
devices symmetrically on opposite sides of the
web of the symmetrical |-beam cross-section).
This is also in contrast to the experiments con-
ducted on a 10,000 Ib. shear beam load cell
having only a single strain gage device mounted
on the bottom surface of one of the recesses of a
symmetrical I-beam cross-section, as described
earlier and as depicted in Figs. 8A and 8B,
wherein tranverse moment sensitivity was as
much as .8 percent per 1/8th inch transverse
point-of-load movement.

While one arrangement of the strain gages 66,
68, 70, and 72 of the strain gage device 64 in
recess 52 is illustrated in Fig. 10D, other arrange-
ments of the strain gages can be provided as
illustrated in Figs. 13A, 13B, 13C and 13D. In Figs.
13A and 13B, strain gages 66, 68, 70, and 72
remain in symmetry above and below the longi-
tudinal neutral axis 54, but are placed in different
45° and 135° angle orientation in comparison to
the arrangement shown in Fig. 10B. The pairs of

- gages 66, 72 and 68, 70, however, are connected
in the opposite branches of the full Wheatstone
bridge to achieve the same results as shown in
Figs. 11A—11B. Figs. 13A and 13D show the strain
gages 66, 68, 70, and 72 mounted along the
longitudinal neutral axis 54 but are again con-
nected together in the arms of a full Wheatstone
bridge circuit in such a manner to provide the
same measurements as depicted in Figs.
11A—11D.

In describing the foregoing principles of the
invention, the embodiment of the load cell of Fig.
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10A was formed with elongated blind recesses for
defining the unsymmetrical |-beam transverse
cross-section on which the strain gage device 64
was mounted. For example, it was presumed that
there were uniform dimensions to the heights and
depths of the recesses and the thicknesses of the
flanges along the longitudinal direction of the
recesses and that the strain gages would be
mounted along the length of a true uniform I-
beam transverse cross-section. Thus, it was con-
sidered in developing the formulas and calculat-
ing the dimensions of the recesses that the
centroidal axis and the neutral axis of torsion
would fail in a plane coinciding to the plane of the
bottom wall surface 60 of the recess 52. The load
F was also applied at the end of the cantilevered
beam section 42, as illustrated in Fig. 10D, at a
distance sufficiently away from the recesses 50
and 52 so that there would be no spurious stress
concentrations at the edges of the I-beam cross-
section resulting from proximity of the load F.

In practice, however, this structure of a load cell
and the foregoing conditions do not always hold
true. For example, in order to reduce the size of a
shear beam load cell, it has been known to form
recesses in a circular hole configuration, rather
than an elongated configuration recess, and to
apply the load F in close proximity to the circular
hole recesses formed in the cantilevered beam
section. This type of shear beam load cell, to
which the principles of this invention are applied,
is illustrated in Figs. 15A and 15B.

In this second embodiment of the load cell, a
single composite strain gage device 64 is
mounted again only in the recess 52 which is to
have a bottom surface 60 made insensitive to
torsion. However, because the strain gages 66, 68,
70, and 72 must now be mounted into a smaller
circular recess, the bottom wall surface of the
recess may not coincide exactly with a plane that
is insensitive to torsion. That is, the dimensions of
the unsymmetrical |-shaped cross-section taken
along sectional lines a—e shown in Fig. 16B will
vary, and a true continuous uniformly-dimen-
sional |-beam section does not exist as in an
elongated recess. Moreover, due to a certain
thickness in the strain gages 66, 68, 70, and 72
mounted on bottom wall surface 60 of circular
recess 52, an adjustment shouid be made to
ensure that the surface neutral or insensitive to
strain from stresses due to torsion and side
bending forces coincides with the force respon-
sive plane of the gages. In addition, with applica-
tion of the load F in closer proximity to the circular
recess hole, stress concentrations resulting from
the load F at 45° angles may affect the actual
stresses which do occur in certain sections along
the I-beam cross-section as depicted in Fig. 15B.

In view of the foregoing, it may be necessary to
adjust the dimensions of the recesses so that the
plane neutral or insensitive to torsion and side
bending forces and the like coincide with the
strain gages 66, 68, 70, and 72 as mounted on
bottom wall surface 60 of recess 52. From a
practical standpoint, these adjustments to the
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dimensions of the recesses of the load cell in this
invention can be made by testing the signal
outputs of the gages mounted on an initial shear
beam load cell before final mass production.

That is, dimensions of the recesses 50 and 52
can first be determined in accordance with the
formulas described earlier with the gages 66, 68,
70, and 72 of the gage device 64 mounted on
bottom wall surface 60 of recess 52 and con-
nected together in the arms of the Wheatstone
bridge circuit. Measurement is then made to
determine if the sensitivity of the gages to the
stresses associated with torsion or a twisting
moment and a side force are zero. If not, adjust-
ments are necessary and changes are made in the
dimensions of the unsymmetrical I-beam cross-
section to shift the neutral surface to the desired
position. For example, additional material can be
removed from the web 56 at the bottom surface
60 of recess 52 opposite to recess 50. The load cell
is again tested to determine if the readings of the
gages become insensitive to torsion from twisting
moments and bending from side forces. Of
course, additional material could be removed
from the flanges 74 in the recess 50 opposite the
recess 52 in which the gages are mounted to
accommodate the same adjustments; this would
be a preferable approach because the gages can
remain mounted in recess 52.

Once the dimensions are adjusted and the
gages become insensitive to twisting moments
and side forces, then shear beam load cells of this
exact configuration can be mass produced using
numerical control or other automated drilling
machinery and the like.

It can be seen from the foregoing that all of the
advantages previously described can be achieved
by the shear beam load cell in accordance with
the invention. For example, it is possible to
continue to use a number of standard com-
ponents employed in the industry, but unlike the
conventional shear beam load cells, this new type
of shear beam load cell is not only lower in cost
but has significantly reduced sensitivity to tor-
sion.

It will be apparent, moreover, to those skilled in
the art that modifications and variations could be
made in the shear beam load cell in accordance
with the teachings of the invention as claimed. By
way of illustration, the shear beam load cell could
take the form of a device for weighing railway
cars comprising a rail supported at both ends,
with strain gages positioned in unsymmetrical
recesses in the rail and located at a distance
between the end supports. This would be in
contrast to a cantilevered beam member having a
free end deflectable weigh section with a section
securely mounted to a foundation by bolts or the
like. Further, the shear beam load cell could take
the form of a double shear beam as disclosed by
the inventor in U.S. Patent No. 4,037,469. In
addition, the shear beam load cell can be pro-
vided with a hole at the forward end thereof in the
load measuring direction with a load application
force receiving surface in the hole, as further
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disclosed by the inventor in U.S. Patent No.
3,960,228.

It can also be appreciated that the shear beam
load cell, in accordance with the invention, can be
used in all of the typical applications and loading
methods used in the industry. Such loading
methods and applications include a shear beam
load cell having a suspended load assembly, a
load button, or a load bearing support member to
which a load is applied with the support member
being positioned in the load hole of the cell.

Claims

1. A shear beam load cell comprising:

(a) a beam member (42) having—

(i) a first deflectable weigh portion (44) for
receiving a load force to be measured,

(ii) a second relatively rigid support portion (46)
for supporting said beam member (42), and

{iii} recesses (50, 52) formed in opposing sides
of the first weigh portion (44) for defining an
unsymmetrical |-shaped transverse cross-section,
wherein the recesses (50, 52) have dimensions
such that the bottom wall surface (60} of one of
the recesses (52) is insensitive to torsion; and

{b) strain gage sensing means (64) positioned in
said one recess (52) on the bottom wall surface
{60} insensitive to torsion for measuring the shear
strain corresponding to the load force (F) applied
to the first weigh portion (44).

2. The shear beam load cell of claim 1, wherein
said strain gage sensing means (64) comprises
strain gages (66, 68, 70, 72) positioned in only said
one recess {52) on the bottom wall surface (60}
insensitive to torsion, mounted at 45° and 135°
angles symmetrical to the longitudinal neutral
axis (54) of the first weigh portion (44) and
respectively connected to the arms of a Wheat-
stone bridge circuit (66, 68, 70, 72, 78) for measur-
ing the shear strains corresponding to the load
force (F).

3. The shear beam load cell of claim 2, wherein
the recesses ({50, 52) have dimensions such that
the neutral axis (54) of torsion for the unsymmet-
rical I-shaped cross-section is located in a plane
substantially coinciding to the bottom wall sur-
face (60) of said recess (52) on which said strain
gages (66, 68, 70, 72) are mounted.

4. The shear beam load cell of claim 3, wherein
the recesses (50, 52) have dimensions such that
the centroids along the unsymmetrical |-shaped
cross-section are located in a plane substantially
coinciding to the bottom wall surface of said
recess (52) on which said strain gages are
mounted.

5. The shear beam load cell of claim 1, 2, 3, 0r 4,
wherein the recess (52) with the bottom surface
(60) insensitive to torsion has a depth longer than
the other recess (50).

6. The shear beam load cell of claim 1, 2, 3, or 4,
wherein the recess (52) with the bottom surface
(60} insensitive to torsion has a height smaller
than the other recess (50).

7. The shear beam load cell of claims 1, 2, 3, or
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4, wherein the beam member (42) comprises a
cantilevered beam member (42) with a first deflect-
able weigh portion (44) being a first free end
section of the cantilevered beam member (44) for
receiving the load force (F) to be measured, and
the second relatively rigid support portion (46)
being a mounting section for mounting the canti-
levered beam member (42).

8. The shear beam load cell of claim 1, 2,3, or 4,
wherein the load (F) is applied to the first weigh
portion (44) in a plane substantially parallel to the
bottom wall surface (60) of the recess (52) insensi-
tive to torsion, and wherein the recesses (50, 52)
are formed at a location along the first weight
portion (44) between the second beam member
support portion (46) and the position of the first
deflectable weigh portion (44) at which the load
application force (F) is applied.

9. The shear beam load cell of claim 8, wherein
said load force {F) measuring direction extends
substantially perpendicular to the longitudinal
neutral axis (54) of the first deflectable weigh
portion (44} of the beam member (42).

10. The shear beam load cell according to claim
1, wherein said strain gage sensing means (64) is
positioned in only said one recess (562} on the
bottom wall surface {60) insensitive to torsion for
measuring the shear strain corresponding to the
load force (F) applied to said free end weigh
section (44).

11. The shear beam load cell of claim 10, wherein
the recesses (50, 52) have dimensions such that
the neutral axis (54) of torsion for the unsymmetri-
cal I-shaped cross-section is located in a plane
substantially coinciding to the bottom wall surface
(60) of the recess (52) insensitive to torsion.

12. The shear beam load cell of claim 11, wherein
the recesses (50, 52) have dimensions such that
the centroids along the unsymmetrical I-shaped
cross-section are located in a plane substantially
coinciding to the bottom wall surface (60) of the
recess (52) insensitive to torsion.

13. The shear beam load cell of claim 12, wherein
the recesses (50, 52) have dimensions defined by
the formula:

(a1+b)2 b?
(H-h,) - —— +hy+ —=
2 2
822
(H—hy) -
or
bz
ty - (@ +b)2+hy - —=t; - a5%
2
wherein

H=the height of the first deflectable weigh
portion (L/L) of the beam member (42) at the
unsymmetrical I-shaped transverse cross-section;

h,=the height of the recess (50} having the
bottom wall surface (58) not coinciding to the
plane containing the centroids (“first recess”);
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h,=the height of the recess (52) having the
bottom wall surface (60) coinciding to the plane
containing the centroids (“second recess”);

a,=the depth of the first recess (50);

a,=the depth of the second recess (52);

b=the thickness of the web (56) defined at the
unsymmetrical I-shaped transverse cross-section;

t,=the thickness of the flange section (74) of the
first deflectable weigh portion (44) between the
first recess (50) and the outer surface of the first
weigh portion (44) of the beam member; and

t,=the thickness of the flange section (76) of the
second deflectable weigh portion (46) between the
second recess (52) and the outer surface of the first
weigh portion {44} of the beam member (42).

14. The shear beam load cell of claim 13, wherein
the recess (52) with the bottom wall surface (60)
coinciding to the plane containing the centroids
has a depth longer than the other recess (50).

15. The shear beam load cell of claim 13, wherein
the recess (52) with the bottom wall surface (60)
coinciding to the plane containing the centroids
has a height smaller than the other recess (52).

16. The shear beam load cell of claim 13, 14, 0r 156
wherein the load (F) is applied to the first weigh
portion (44), in a plane substantially parallel to the
bottom wall surface (60) of said recess insensitive
to torsion; wherein the recesses (50, 52) are -
formed at a location along the first weigh portion
(44) between the second beam member portion
(46) and the position on the first deflectable weigh
portion (44} at which the load force (F) is applied;
and wherein said load force measuring direction
extends substantially perpendicular to the longi-
tudinal axis of the first deflectable weigh portion
(44), of the beam member (42).

17. The shear beam load cell of claim 16, wherein
a flat web (586) is defined at the unsymmetrical |-
shaped cross-section vertically disposed between
the recesses (50, 52) and having side walls forming
the bottom surfaces (568, 60) of the recesses (50,
52), said flat web (56) being in a plane substantially
parallel to the load force (F) applied to said first
weigh portion (44).

18. The shear beam load cell of claim 17, wherein
the strain gage sensing means (64) positioned on
the bottom wall surface (60) of said recess insensi-
tive to torsion comprises four strain gages (66, 68,
70, 72) mounted at 45° and 135° angles symmetri-
cal to the longitudinal neutral axis (54) of the beam
member first weigh portion (44) and respectively
connected to the four arms of a Wheatstone bridge
circuit (66, 68, 70, 72, 78) for electrically measuring
the principal shear strains corresponding to the
load force {F).

19. The shear beam load cell of claim 18, wherein
said first weigh portion (44) has a hole (62)
provided at the forward end thereof in the load
measuring direction and a load force receiving
surface in said hole.

20. The shear beam load cell of claim 19 further
comprising a load bearing support member to
which a load force (F) is applied, said support
member being positioned in the load hole (62) and
the force applied to the support member is
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received at the load receiving surface.

21. The shear beam load cell of claim 10, 11, 12,
or 13, wherein the strain gage sensing means (64)
positioned in the recesss (52) on the bottom wall
surface (60) insensitive to torsion comprises four
strain gages (66, 68, 70, 72) mounted at 45° and
135° angles symmetrical to the longitudinal neut-
ral axis (54) of the beam member first weigh
portion (44) and respectively connected to the
four arms of a Wheatstone bridge circuit (66, 68,
70, 72, 78} for electrically measuring the principal
shear strains corresponding to the load force (F).

22. The shear beam load cell of claim 21,
wherein said first weight portion (44) has a hole
(62) provided at the forward end thereof in the
load measuring direction and a load force receiv-
ing surface in said hole.

Patentanspriche

1. Eine Scherkraftiastzelle umfassend:

a) einen Balken (42) mit

(i) einem ersten auslenkbaren Wageabschnitt
(44) zur Aufnahme einer zu messenden Last,

{ii) einem zweiten relativ starren Stiitzabschnitt
{46} zum Halten des Balkens (42) und

{iii) an den einander abgewandten Seiten des
ersten Wigeabschnittes ausgebildeten Vertiefun-
gen (50, 52) zur Bildung eines asymetrischen |-
férmigen transversalen Querschnitts, wobei die
Vertiefungen (50, 52} derartige Abmessungen
haben, daR die Bodenfliche (60) einer der Vertief-
ungen (52) gegen Torsion unempfindlich ist, und

b) einen in der einen Vertiefung (52) an der
gegen Torsion umempfindiichen Bodenfléche
angeordenten Dehungsmefflhler (64) zur Mes-
sung der Scherspannung entsprechend der auf
den ersten Wigeabschnitt (44) einwirkenenden
Last (F).

2. Scherkraftlastzelle nach Anspruch 1, dadurch
gekennzeichnet, da® der DehnungsmeRfiihier
(64) DehnungsmeRstreifen (66, 68, 70, 72) umfafit,
die nur in der einen Vertiefung (52) an der gegen
Torsion unempfindlichen Bodenflache (60) ange-
ordnet, in Winkeln von 45° und 135° symetrisch
zur neutralen Lingsachse (64) des ersten Wége-
abschnitts (44) befestigt und jeweils mit den
Anschilissen einer Wheatstone-Briickenschaltung
(68, 68, 70, 72, 78) zum Messen der der Last (f)
entsprechenden Scherspannungen verbunden
sind.

3. Scherkraftlastzelle nach Anspruch 2, dadurch
gekennzeichnet, daR die Vertiefungen (50, 52)
derartige Abmessungen haben, daf3 die neutrale
Torsionsachse (54) des asymetrischen {-férmigen
Querschnitts in einer Ebene liegt, die mit der
Bodenflache (60) der Vertiefung (52) im wesent-
lichen zusammenfilit, auf der die DehnungsmefR-
streifen (66, 68, 70, 72) befestigt sind.

4. Scherkraftiastzelle nach Anspruch 3, dadurch
gekennzeichnet, daB die Vertiefungen (50, 52)
derartige Abmessungen haben, dal$ die Flachen-
schwerpunkte entlang des asymetrischen I-formi-
gen Querschnitts in einer Ebene angeordnet sind,
die im wesentlichen mit der Bodenfldche der
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Vertiefung (52) zusammenfillt, auf der die Deh-
nungsmefstreifen befastigt sind.

5. Scherkraftlastzelle nach Anspruch 1, 2, 3 oder
4, dadurch gekennzeichnet, da3 die Vertiefung
(52) mit der gegen Torsion umempfindlichen
Bodenfliche (60) eine groflere Tiefe als die
andere Vertiefung (50) hat.

6. Scherkraftlastzelle nach Anspruch 1, 2, 3 oder
4, dadurch gekennzeichnet, da3 die Vertiefung
(52) mit der gegen Torsion unempfindlichen
Bodenfliche (60) eine geringere Hohe ais die
andere Vertiefung (50) hat.

7. Scherkraftlastzelle nach Anspruch 1, 2, 3 oder
4, dadurch gekennzeichnet, da der Balken (42)
von einem auskragenden Balkenteil (42) gebildet
ist, wobei der auslenkbare erste Wégeabschnitt
(44) von einem ersten freien Endabschnitt des
auskragenden Balkenteiles (42) gebildet und zur
Aufnahme der zu messenden Last bestimmt ist,
und wobei der zweite relativ starre Stiitzabschnitt
(46) als Befestigungsabschnitt zur Haiterung des
auskragenden Balkenteils {42) ausgebildet ist.

8. Scherkraftlastzelle nach Anspruch 1, 2, 3 oder
4, dadurch gekennzeichnet, dal® die Last (F) an
dem ersten Waigeabschnitt (44) in einer im
wesentlichen parallel zu der gegen Torsion
unempfindlichen Bodenflache (60) der Vertiefung
(52) verlaufenden Ebene angreift, und daf® die
Vertiefungen (50, 52) an einer Stelle entlang des
ersten Wigeabschnitts (44) ausgebildet sind, die
zwischen dem zweiten Balkenstiitzabschnitt (46)
und der Position an dem ersten auslenkbaren
Wiageabschnitt (44) liegt, an der die Last (F)
angreift.

9. Scherkraftlastzelle nach Anspruch 8, dadurch
gekennzeichnet, daR die MeBrichtung der Last (F)
im wesentlichen senkrecht zur neutralen Lings-
achse (b4) des ersten auslenkbaren Wégeab-
schnitts (44) des Balkens {(42) verlauft.

10. Scherkraftlastzelle nach Anspruch 1,
dadurch gekennzeichnet, da3 der DehnungsmeR-
fihler (64) nur in der einen Vertiefung (52) auf der
gegen Torsion unempfinglichen Bodenflache (60)
zum Messen der der Last (F) entsprechenden
Scherspannung angeordnet ist, wobei die Last (F)
an dem den Wigeabschnitt (44) bildenden freien
Endabschnitt angreift.

11. Scherkraftiastzelle nach Anspruch 10,
dadurch gekennzeichnet, dal3 die Vertiefungen
(50, 52) derartige Abmessungen haben, da8 die
neutrale Torsionsachse (54) des asymetrischen I-
férmigen Querschnitts in einer Ebene liegt, die im
wesentlichen mit der gegen Torsion unempfindli-
chen Bodenfliche (60) der Vertiefung (52} zusam-
menfallt.

12. Scherkraftlastzelle nach Anspruch 11,
dadurch gekennzeichnet, da? die Vertiefungen
{50, 52) derartige Abmessungen haben, da3 die
Flachenschwerpunkte entlang des asymetrischen
I-férmigen Querschnitts in einer Ebene liegen, die
im wesentlichen mit der gegen Torsion unemp-
findlichen Bodenflidche (60) der Vertiefung (52)
zusammenfallt.

13. Scherkraftlastzelle nach Anspruch 12,
dadurch gekennzeichnet, daf3 die Abmessungen
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der Vertiefungen (60, 62) durch folgende Formel
bestimmt werden:

(a1+b)2 b2
(H_h1) o —— +h1  m——
2 2
a,?
(H_hz) *
2
oder
bz
t, - (8, +b)f+hy - — =ty - a7,
2
wobei

H=H6he des ersten auslenkbaren Wégeab-
schnitts (44) des Balkens (42) dem asymetrischen |-
férmigen transversalen Querschnitt,

h,=Hohe der Vertiefung (50) mit der Bodenfla-
che (58), die nicht mit einer die Flachenschwer-
punkte enthaltenden Ebene zusammenfallt (“erste
Vertiefung”),

h,=H6he der Vertiefung (52) mit der Bodenfla-
che (60), die mit einer die Flachenschwerpunkte
enthaltenden Flache zusammenfallt (“zweite Ver-
tiefung”),

a,=Tiefe der ersten Vertiefung (50),

a,=Tiefe der zweiten Vertiefung. (52),

b=Dicke des Stegs (56} an dem asymetrischen |-

fdrmigen transversalen Querschnitt,

t,=Dicke des Flanschteils (74) des ersten aus-
lenkbaren Wageabschnitts (44) zwischen der
ersten Vertiefung (50) und der dufieren Oberflache
des ersten Wigeabschnitts (44) des Baikens und

t,=Dicke des Flanschteils (76} des zweiten aus-
lenkbaren Stitzteils (46) zwischen der zweiten
Vertiefung (52) und der duBeren Oberfléche des
ersten Wigeteils (44) des Balkens (42).

14. Scherkraftlastzelle nach Anspruch 13,
dadurch gekennzeichnet, daR die Vertiefung (52)
mit der Bodenflache (60), die mit der die Fldchen-
schwerpunkte enthaltenden Ebene zusammen-
fallt, eine groRere Tiefe als die andere Vertiefung
(50) hat.

15. Scherkraftlastzelle nach Anspruch 13,
dadurch gekennzeichnet, da® die Vertiefung (52)
mit der Bodenfliche (60}, die mit der die Flachen-
schwerpunkte enthaltenden Ebene zusammen-
fallt, eine geringere Héhe als die andere Vertiefung
(50) hat.

16. Scherkraftlastzelle nach Anspruch 13, 14
oder 15, dadurch gekennzeichnet, da die Last (F)
an dem ersten Wigeabschnitt (44) in einer im
wesentlichen parallel zu der gegen Torsion
unempfindlichen Bodenflache (60) der Vertiefung
(50, 52) an einer Stelle entlang des ersten Wégeab-
schnitss (44) ausgebildet sind, die zwischen dem
zweiten Stiitzteil (46) und der Position auf dem
ersten auslenkbaren Wégeabschnitt (44) liegt, an
der die Last (F) angreift, und daR die Mefrichtung
der Last im wesentlichen senkrecht zur Lings-
achse des ersten auslenkbaren Wageabschnitts
(44) des Balkens (42) verlauft.

10

15

20

25

30

35

40

50

55

60

65

15

17. Scherkraftlastzelle nach Anspruch 16,
dadurch gekennzeichnet, daf3 an dem asymetri-
schen I-férmigen Querschnitt ein flacher Steg (56)
ausgebildet ist, der vertikal zwischen den Vertief-
ungen (50, 52) angeordnet ist und Seitenwénde
hat, die die Bodenflachen (58, 60) der Vertiefungen
(50, 52) bilden, wobei der flache Steg (56) in einer
Ebene liegt, die im wesentlichen parallel zu der
Last (F) gerichtet ist, die auf dem ersten Wégeab-
schnitts (44) angreift.

18. Scherkraftlastzelle nach Anspruch 17,
dadurch gekennzeichnet, dafl der an der gegen
Torsion unempfindlichen Bodenfldche (60) der
Vertiefung angeordnete DehnungsmeRfiihier (64)
vier DehnungsmeRBstreifen (66, 68, 70, 72) umfalit,
die im Winkel von 45° und 135° symetrisch zur
neutralen Lingsachse (54) des ersten Wégeab-
schnitts (44) des Balkens angeordnet und jeweils
mit den vier Anschllissen einer Wheatstone-Briik-
kenschaltung (66, 68, 70, 72, 78) verbunden sind,
um die der angreifenden Last (F) entsprechenden
Hauptscherkrafte elektrisch zu messen.

19. Scherkraftlastzelle nach Anspruch 18,
dadurch gekennzeichnet, da® der erste Wégeab-
schnitt (44) an seinem vorderen Ende in LastmeR-
richtung eine Aushdhlung (62) besitzt, die eine
lastaufnehmende Flache enthélt.

20. Scherkraftlastzelle nach Anspruch 18,
dadurch gekennzeichnet, da sie ein lastaufneh-
mendes Trégerelement enthalt, aud das eine Last
(f) aufgegeben wird, wobei das Trégerelement in
der Lastaushdhlung (52) angeordnet ist und die an
dem Trégerelement angreifende Kraft an der
lastaufnehmenden Flache aufgenommen wird.

21. Scherkraftlastzelle nach Anspruch 10, 11, 12
oder 13, dadurch gekennzeichnet, da3 der auf der
gegen Torsion unempfindlichen Bodenfléche (60)
der Vertiefung (52) angeordnete DehnungsmeR-
filhler (64) vier Dehnungsmefstreifen (66, 68, 70,
72) umfaRt, die im Winkel von 45° und 135%°
symetrisch zur neutralen Langsachse (54) des
ersten Wigeabschnitts (44) des Balkens ange-
ordnet sind und jeweils mit den viert Anschiiissen
einer Wheatstone-Briickenschaltung (66, 68, 70,
72, 78) verbunden sind, um die der aufgegebenen
Last (f) entsprechenden Hauptscherkréft elektrisch
ZU messen.

22, Scherkraftlastzelle nach Anspruch 21,
dadurch gekennzeichnet, dal der erste Wégeab-
schnitt (44) an seinem vorderen Ende in LastmeR-
richtung eine Aushéhlung (62) aufweist, in der
eine lastaufnehmende Flache angeordnet ist.

Revendications

1. Cellule de charge a poutre travaillant en
cisaillement, comprenant:

{a) une poutre (42) ayant—

(i) un premier troncon (44) de pesage pouvant
fléchir, destiné a recevoir la force d’une charge a
mesurer,

(ii) un second trongon relativement rigide (46) de
support destiné & supporter ladite poutre (42), et

(iii) des évidements (50, 52) formés dans des
cotés opposés du premier trongon (44} de pesage
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afin de définir une section transversale en forme
de | asymétrique, les évidements (50, 52) ayant
des dimensions telles que la surface du fond (60)
d’un premier évidements (52) est insensible a la
torsion; et

{b) des moyens (64) de détection a extensome-
tres disposés dans ledit premier évidement (52)
sur la surface du fond (60) insensible a la torsion
afin de mesurer le déformation en cisaillement
correspondant 3 la force de la charge (F) appli-
quée au premier trongon de pesage (44).

2. Cellule de charge a poutre travaillant en
cisaillement selon la revendication 1, dans
laquelle lesdits moyens de détection (64) a exten-
sométres comprennent des extensométres (66,
68, 70, 72) disposés dans seulement ledit premier
évidement (52) sur la surface du fond (60) insensi-
ble & la torsion, montés sous des angles de 45° et
135°, symétriquement a I’axe neutre longitudinal
(54) du premier trongon de pesage (44), et reliés
respectivement aux branches d’un circuit en point
de Wheatstone {66, 68, 70, 72, 78) pour mesurer
les déformations en cisaillement correspondant &
la force (f} de la charge.

3. Cellule de charge a poutre travaillant en
flexion selon la revendication 2, dans laquelle les
évidements (50, 52) ont des dimensions telles que
I'axe neutre (54) de torsion pour la section trans-
versale de forme en | asymétrique est situé dans
un plan coincidant sensiblement avec la surface
de fond (60) dudit évidement (52) sur lequel
lesdits extensométres (66, 68, 70, 72) sont
montés.

4. Cellule de charge a poutre travaillant en
cisaillement selon la revendication 3, dans
laquelle les évidements (50, 52) ont des dimen-
sions telles que les centroides situés le long de la
section transversale de forme en | asymétrique
sont disposés dans un plan coincidant sensible-
ment avec la surface de fond dudit évidement (52)
sur lequel lesdits extensométres sont montés.

5. Cellule de charge & poutre travaillant en
cisaillement selon la revendication 1, 2, 3 ou 4,
dans laquelle I'évidement (52) dont la surface (60)
du fond est insensible a la torsion présente une
profondeur plus grande que celle de I’autre évide-
ment (50).

6. Cellule de charge & poutre travaillant en
cisaillement selon la revendication 1, 2, 3 ou 4,
dans laquelle I'évidement (52) dont la surface (60)
du fond est insensible a la torsion présente une
hauteur inférieure 3 celle de |'autre évidement
{50).

7. Cellule de charge a poutre travaillant en
cisaillement selon la revendication 1, 2, 3 ou 4,
dans laquelle la poutre (42) comprend un élément
a poutre en porte-a-faux (42), le premier trongon
(44) de pesage, suivant fléchir, étant une premiére
section extréme libre de I’élément a poutre en
porte-a-faux (44) pour recevoir la force (F) de la
charge a mesurer, et le second trongon relative-
ment rigide (46) de support étant une section de
montage pour le montage de I'élément & poutre
en porte-a-faux (42).

8. Cellule de charge & poutre travaillant en
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cisaillement selon la revendication 1, 2, 3 ou 4,
dans laquelle la charge (F) est appliquée au
premier trongon de pesage (44) dans un plan
sensiblement paraliéle 4 la surface (60) du fond de
|'évidement (52) insensible a la torsion, et dans
laquelle les évidements {50, 52) sont formés en un
emplacement, le long du premier trongcon de
pesage (44) situé entre le second trongon (46) de
support de la poutre et la position, sur le premier
trongon (44) de pesage pouvant fléchir, dans
laquelle l1a force (F) d'application de charge est
appliquée.

9. Cellule de charge a poutre travaillant en
cisaillement selon la revendication 8, dans
laquelle ladite direction de mesure de la force (F)
de la charge s’étend sensiblement perpendiculai-
rement 3 I'axe neutre longitudinal {54) du premier
trongon (44) de pesage, pouvant fléchir, de la
poutre (42).

10. Cellule de charge a poutre travaillant en
cisaillement selon la revendication 1, dans
laquelle lesdits moyens sensibles (64} 3 extenso-
métres sont disposés dans uniquement ledit pre-
mier évidement (52) sur la surface du fond (60)
insensible a la torsion pour mesurer la déforma-
tion en cisaillement correspondant a la force (F)
de la charge appliquée a ladite section extréme
libre (44} de pesage.

11. Cellule de charge a poutre travaillant en
cisaillement selon la revendication 10, dans
laquelle les évidements (50, 52) ont des dimen-
sions telles que I'axe neutre (54) de torsion pour
la section transversale de forme en | asymétrique
est situé dans un plan coincidant sensiblement
avec la surface (60} du fond de I'évidement (52)
insensible a la torsion.

12. Cellule de charge a poutre travaillant en
cisaillement selon la revendication 11, dans
laquelle les évidements (50, 52} ont des dimen-
sions telles que les centroides situés le long de la
section transversale de forme en | asymétrique
sont disposés dans un plan coincidant sensible-
ment avec la surface {60} du fond de 'évidement
(62} insensible a la torsion.

13. Cellule de charge a poutre travaillant en
cisaillement selon la revendication 12, dans
laquelle les évidements (50, 52) ont des dimen-
sions définies par la formule:

(a,+b)? b?
(H)"‘h1  —— +h1 ¢ —_—=
2 2
as’
(H—h,) -
ou
b2
ty « (8 +b)*+hy - —=t, - 8%,
2

dans laquelle

H=la hauteur du premier trongon (44) de
pesage pouvant fléchir de la poutre (42) a la
section transversale de forme en | asymétrique;
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h,=la hauteur de I'évidement (50} dont la
surface (58) du fond ne coincide pas avec le plan
contenant les centroides ('‘premier évidement’’);

h,=la hauteur de l'évidement (52) dont la
surface (60) du fond coincide avec le plan
contenant les centroides {’second évidement”);

a,=la profondeur du premier évidement (50);

a,=la profondeur du second évidement (52);

b=I'épaisseur du voile (56} défini a la section
transversale de foeme en | asymétrique;

t,=l'épaisseur de la section d‘aile (74) du
premier trongon de pesage (44) pouvant fléchir,
entre le premier évidement (50) et [a surface
extérieur du premier trongon (44) de pesage de la
poutre; et

t,=1'épaisseur de la section d'aile (76) du
second troncon (46} de pesage, pouvant fléchir,
entre le second évidement (52) et la surface
extérieure du premier trongon (44) de pesage de
la poutre (32).

14. Cellule de charge & poutre travaillant en
cisaillement selon la revendication 13, dans
laquelle I'évidement (52) dont la surface (60) du
fond coincide avec le plan contenant les
centroides présente une profondeur plus grande
que celle de l‘autre évidement (50).

15. Cellule de charge & poutre travaillant en
cisaillement selon la revendication 13, dans
laquelle I'évidement (52) dont la surface (60) du
fond coincide avec le plan contenant les
centroides présente une hauteur inférieure a celle
de l'autre évidement (52).

16. Cellule de charge a poutre travaillant en
cisaillement selon la revendication 13, 14 ou 15,
dans laquelle la charge (F) est appliquée au
premier trongon (44) de pesage dans un plan
sensiblement paralléle & la surface (60) du fond
dudit évidement insensible a la torsion; dans
laquelle les évidements (50, 52) sont formés en un
emplacement, situé le long du premier trongon
(44) de pesage, entre le second trongon (46) de la
poutre et la position, sur le premier trongon (44)
de pesage, pouvant fléchir, dans laquelle la force
(F) de la charge est appliquée; et dans laquelle
ladite direction de mesure de la force de la charge
s’étend & peu prés perpendiculairement & I'axe
longitudinal du premier trongon (44) de pesage,
pouvant fléchir, de la poutre (42).

17. Cellule de charge a poutre travaillant en
cisaillement selon la revendication 16, dans
faquelle un voile plat (56) est défini a la section
transversale de forme en | asymétrique et disposé
verticalement entre les évidements (50, 52) et
comporte des parois latérales formant les sur-
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faces du fond (58, 60) des évidements (50, 52),
ledit voile plat (56} étant dans un plan sensible-
ment paralléle 3 la force (F) de la charge appli-
quée audit premier trongon (44) de pesage.

18. Cellule de charge a poutre travaillant en
cisaillement selon la revendication 17, dans
laquelie les moyens (64) de détection a extenso-
métres placés sur la surface (60) du fond dudit
évidement insensible a la torsion comprennent
quatre extensométres (66, 68, 70, 72) montés a
des angles de 45° et 135°, symétriquement a |'axe
neutre longitudinal (54} du premier trongon (44)
de pesage de la poutre, et connectés respec-
tivement aux quatre branches d’un circuit en pont
de Wheatstone (66, 68, 70, 72, 78) pour mesurer
électriquement les déformations principales en
cisaillement correspondant 4 la force F de charge.

19. Cellule de charge a poutre travaillant en
cisaillement selon la revendication 18, dans
laquelle ledit premier trongon (44} de pesage
présente un trou (62) prévu a son extrémité avant
dans la direction de mesure de la charge, et une
surface de réception de la force de la charge
située dans ledit trou.

20. Cellule de charge a poutre travaillant en
cisaillement selon la revendication 19, compre-
nant en outre un élément de support portant une
charge, auquel une force (F) de charge est appli-
quée, ledit élément de support étant placé dans le
trou (62) de charge et la force appliquée a |'élé-
ment de support étant regue a la surface de
réception de charge.

21. Cellule de charge & poutre travaillant en
cisaillement selon la revendication 10, 11, 12 ou
13, dans laguelle les moyens (64} de détection &
extensométres placés dans i’évidement (52), sur
la surface (60) du fond insensible & la torsion,
comprennent quatre extensométres (66, 68, 70,
72) montés & des angles de 45° et 135°, symétri-
quement & I'axe neutre longitudinal (54) du pre-
mier trongon (44) de pesage de la poutre, et
connectés respectivement aux quatre branches
d’un circuit en pont de Wheatstone (66, 68, 70, 72,
78) pour mesurer électriquement les déforma-
tions principales en cisaillement correspondant &
la force (F) de la charge.

22. Cellule de charge a poutre travaillant en
cisaillement selon la revendication 21, dans
laquelle ledit premier trongon (44) de pesage
présente un trou (62) prévu a son extrémité avant,
dans la direction de mesure de la charge, et une
surface de réception de la force de la charge
située dans ledit trou.
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